
ABSTRACT

Design charts have been developed -for the economical design 

o-f sprinkler system. The two design charts - <i) -for lateral line 

and <ii) -for submain and main line have been constructed by 

plotting the equations o-f system capacity, number o-f laterals, 

Reynolds'number, -friction -factor o-f Darcy-Weisbach -formula, head 

loss due' to -friction, head gain or loss due to elevation 

difference, pressure variation in the pipe line and inlet 

pressure heads o-f the pipe line nomographically in combination 

with -family o-f curves o-f relative roughness height o-f pipe wall, 

ratio .o-f the -first sprinkler spacing -from the inlet o-f the 

lateral line to the full sprinkler spacing and the -first lateral 

at -full or hal-f lateral spacing -from the inlet o-f submain or main 

line. With the help of the design chart for lateral line, the 

design alternatives for a given field data would be obtained for 

all the data sets (which fulfill the need of particular 

application rate) taken from the manufacturer's sprinklers 

performance chart. The minimum cost diameter of ttie lateral line 

for each data set would be determined by performing Ute cost 

analysis. Similarly, with the help of the design chart of submain 

and main line and cost analysis, the minimum cost diameter of the 

submain (if required) to operate the lateral line of the minimum 

cost diameter, and the minimum cost diameter of the main line to 

operate the submain or lateral of the minimum cost diameter would
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be obtained -for each data set taken -from the sprinklers

submain and main line, a third desigh chart has also been 

constructed by plotting the equations of the initial fixed and' 

operating costs and their total nomographically in combination 

with the family of curves of the capital recovery factor and 

escalating energy cost factor. By comparing the total of the 

minimum costs of lateral, submain and main lines for each data 

set of sprinklers performance chart and using the concept of cost 

effectiveness, the economical sprinkler system would be selected. 

After selecting the economical system, the annual costs of the 

lateral, submain and main lines would be obtained from the design 

charts. The design charts are also applicable to design the 

minimum cost diameters and the annual costs of the two pipe sizes 

lateral and main line in split-line operation. The computer 

program have, also been developed to test the reliability of the 

design charts and use as the design methods.

performance chart. To perform the cost analysis of the lateral,
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	ECONOMICAL DESIGN OF SPRINKLER SYSTEMS

	DOCTOR OF PHILOSOPHY

	CHAPTER II

	REVIEW CF LITERATURE

	2.1	General

	e)	Estimated or calculated water application efficiencies.

	2.2	Moisture Distribution Pattern, Sprinkler Spacing, Nozzle Size and Operating Pressure

	2.3	Design of Lateral, Submain and Main Lines


	F =	+'	+		 _ (2.2)

	about 2.0 per cent compared with optimal design in the case of PVC and aluminium pipe.

	TABLE 2.3 SUTWRY CF RESEARCH METHODS REVIEWED IN SECTIONS 2.2 AND 2.3

	2.4.1	Addition and subtraction charts




	<* — y

	3.2	Computation o-f Energy Gain or Loss due to Elevation Difference along a Pipe Line

	3.3	Design of Lateral Line

	FIG.3,1 LATERAL LINE WITH SINGLE PIPE SIZE

	FIG. 3.2 LATERAL LINE WITH TWO PIPE SIZES

	3.4	Design of Submain Line

	3.5	Design o-f Main Line

	3.5.1	Movement of laterals on one or both side of a main line without split line operation

	3.5.1.1	Single number o-f lateral

	3.5.1.2 Two or more number of laterals

	hlac - hf(dml>n*qs»npml-1s) + hf<dm2,n.qs,npm2.ls) ••• <3.33)


	ha-hu-0	••■“•»=>

	( b ) Introduction of smaller pipe in section B-C B'c of the m4,n line

	—f— dm| _i	

	(c ) Introduction of smaller pipe in section A*B

	FIG. 3. 6 DESIGN OF MAIN LINE WITH TWIN LATERALS IN SPLIT-LINE OPERATION

	Sht

	3.6	Cost Analysis

	it was written as :

	i)	Sprinkler head


	*spc = *5p,cr





	H,

	the. scale A was taken as 0.5 to 100 ha assuming the maxKRim

	30.0	cm by considering the minimum


	u

	field. The lower and upper

	hll ~ h'1 + hgi

	The design data to Plot	<«•<*» “'rt 14 •Bl’ >n

	for that pip^ line> rn

	loq = !°9 % + log n + log n, * leg H + log + log t .J; log E - log n - s.sxicf3	... t4,JSW

	was under Step 2, and Equation	y

	T,- = F’c + 0'c	••• 14’16>

	4.2.1	Design o-f single pipe size lateral, submain and main lines



	two laterals wculd be attached at one point of the main or

	4.2.2	Design of lateral line with two pipe sizes

	sakct ihe lotera! design parameters hnVinfJ m i n i m u m \ot n I cost



	Iyes

	TrrnronMICAL DESIGN OF MAIN LINE HG.Z..3 FLOW CHART p0^ aT1QN IN SPLIT LINE OPERATION

	respectively, a point was obtained cn axis 2.

	6.	Reading the values oi respectively, a point was obtained on axis

	14.	From the point of axis 6 obtained under Step 12 an upward

	i, „l ,-ixr-T- IS and 77 obtained under Step',

	. T tor the minimum cost diameter of the values of h^ and Tj for


	0.5 f move the point up or do*, respectively.

	ii)	The point wcu}d be obained «i«un the rang

	bottom most guide line Step 26<iv).

	n( 13) 	> SL(25) 51'(16)	> P (21) of Step 1

	i)	P( 15) of Step 22 —>P (21) of Step 3	P (M




	For domard slope of lateral line p ,21) „f St., 1	“*	' l!!’

	•	rjitie size by the farmers (Keller and less preferred over sing BU_r (W„. Since the most of the

	6.	From the point of axis

	_i -t-ho loft hand side was made to a horizontal movement towards

	7.	Using the point of axis


	19.a<i>, and reading the value of hls oh

	and data -t 2 - « — — >- “

	(&) (*) (™) (5)	©

	n (2) -->11! (5) P (3) of Step 1 —>qs (5) ;




	3.s.,.2 T',J -	. .. m

	moved cn the main line with thrir inlet always ccnnected at th. another. This would be th. case Seot.cn 5.3.!.! and its re^lt

	line. In doing so, a lot o

	the split line operaticn obtained

	19 of secti- 5.2 bV replacang tl» ..

	i, steps , to 3 were repeated by reccing the va>ue of

	iii)	The values of C for al! the diameters of Step U.i.

	Steps 9 to 12 respectively. While doing so, if there were m ~ or qtPDS 1 to 3 would be than m diameters in ■«*. tocticn <» or BC,

	repeated for each diameter wit* i« pm

		- their distances from the starting point

	the bottom most'guide line-	calculated under Step

	Design of the minimum cost mam line m split in Annendix.-C was obtained by operation for the data given m Appen

	•	^ in Appendix-C were used as I^T-4 and design, the data given

	- * '	h,. aoolied for any number of data technique of Section 5.3.2 can be app

	. •	t-hp cost of mam line the 1 reduction m

	•	lesser than the value of Tm -ithcut in split-line operation was less	nl7RJT-4

	. r step 2551-1 ?21 ?

	line as mentioned und	tively. The design chart

	the action.) — °btainEd *“* ‘2’

	axis 10 and using the F°in °	is n. ,nts (for ni and n2. *r» obtained on point or the points

	t Hiameter or dialers o<.the single or «r T,, the minimum cost dia	htained

	UK. Step 2. of Secucn 5.1. ,	^

	^,tioned under Steps ■> and lines was chosen as <ren	undBr step A or 14



	>the curve of nv for e : 9 per cent

	P (4) of Step 9 ~>H hit as *er Step P (5) 10 of Section 5.4 (7)



	P (7} of Step 12 161

	22	Repeating Steps 19 to 21 the annual cost of the subaain line for other designed alternatives would be obtained.

	For iain line





	26 S !i Ii* °“rimmi

	of relative mighness height of the pipe wall, ratio of the first JmI the iniet of the lateral to the full sprinkler spacing from the in the first lateral at full and half lateral sprinker spacing, and tne -nr* c^t (Fig* S.3> was develop to perform the cost analysis of

	hically in combination with the family of the their total nomographically in « of capital recovery factor «. escalating energy cost


	Z*.

	*—'4 £ ,rrwtiai

	Sorld, The Macmillan Press, Ltd., London,

	Drainage Division, ASLt,


	34.	Polyolef** Mustrie^.^ Pipes. Martial Centre.
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	Table A-1 contd.

	endif

	,30	format!'values	of	dm,him,pvm.tm	)

	fl=i?0/3^0 + i.0/(2.0*an) + 1.0/<6.0*an**2.0) fa = fl

	f2 =<2.0*an/<2.0*an-1.0))* < 1.0/3.0+1.0/<6.0*an**2.0))

	f3 =<an*fl+alfa-1.0)/<an+alfa-1.0)

	',UI	=<s-2627e+7*f*fa*q*q*al)/(d**5.0)

	100 125 iso: 125.0	173.7 237.8 Rs/m

	The yalues of ^ or hlt, n and nj were collected from the ^ source as for tte su^in line. The yal^ of collected from the corresponding data set for which the mining

	100.00000

	51729.08



	(I !■ 567






